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SEMICONDUCTOR DEVICE, 
SEMCONDUCTORWAFER STRUCTURE 

AND METHOD FOR MANUFACTURING THE 
SEMCONDUCTORWAFER STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of prior Interna 
tional Patent Application No. PCT/JP2006/300614, filed Jan. 
18, 2006, the entire contents of which are incorporated herein 
by reference. 

TECHNICAL FIELD 

0002. It is related to a semiconductor device, a semicon 
ductor wafer structure, and a method for manufacturing the 
semiconductor wafer structure. 

BACKGROUND 

0003 Flash memories and ferroelectric memories are 
well-known as nonvolatile memories capable of retaining 
stored information even after a power supply is turned off. 
0004. Of these, the flash memories include a floating gate 
that is embedded in a gate insulating film of an insulated gate 
field effect transistor (IGFET). The flash memories store 
information by accumulating, in this floating gate, electric 
charges indicating the information to be stored. However, it is 
required for such flash memories that a tunnel current be 
applied to the gate insulating film at the time of writing and 
erasing the information. Thus, there is a drawback that the 
flash memories require relatively high Voltage. 
0005. On the other hand, the ferroelectric memories, 
which are also referred to as ferroelectric random access 
memories (FeRAMs), store information by utilizing the hys 
teresis characteristic of a ferroelectric film provided in a 
ferroelectric capacitor. The ferroelectric film causes polariza 
tion in response to the Voltage applied between upper and 
lower electrodes of the capacitor, and spontaneous polariza 
tion remains even after the voltage is turned off. When the 
polarity of the applied Voltage is reversed, the spontaneous 
polarization is also reversed. Directions of the spontaneous 
polarization are associated with “1” and “O', so that the 
information is written in the ferroelectric film. The voltage 
required for the FeRAMs to carry out writing is lower than 
that for the flash memories. In addition, there is also an 
advantage in that the FeRAMs are capable of writing at a 
higher rate than the flash memories. Furthermore, the 
FeRAM is also advantageous because high integration and 
high durability can be achieved. 
0006. In a ferroelectric capacitor provided to a FeRAM, a 
material used for the ferroelectric film of the capacitor is a 
ferroelectric oxide with a perovskite structure, such as a PZT 
(Pb(Zr, Ti) O.) film or SBT(SrBi-TaO), and the amount of 
residual polarization charge of these ferroelectric oxides are 
as high as approximately 10 uC/cm to 30 uC/cm. 
0007 When the ferroelectric oxide is exposed to reducing 
materials. Such as hydrogen or moisture, oxygen in the film is 
reduced to cause the shortage of oxygen. Thus, the crystal 
linity of the ferroelectric oxide is deteriorated, and the ferro 
electric characteristic of the ferroelectric capacitor, Such as 
the amount of residual polarization charge, is deteriorated. 
0008. In the processes of manufacturing a semiconductor 
device such as a FeRAM, a required circuit is formed on the 
semiconductor Substrate, and thereafter the semiconductor 
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Substrate is subjected to dicing, so that semiconductor chips 
are separated. At this time, the cross-section of the interlayer 
insulating film is exposed to the dicing Surface of the semi 
conductor chip, and moisture in the external atmosphere 
enters the semiconductor chip from the cross-section. Con 
sequently, the ferroelectric capacitor is caused to be easily 
deteriorated by the moisture. 
0009 For this reason, to provide a FeRAM with high 
quality, it is important that reducing materials entering the 
semiconductor chip from the outside after dicing are effec 
tively blocked in order not to allow the reducing materials to 
deteriorate the ferroelectric capacitor. 
0010. As a structure to increase moisture resistance of the 
semiconductor chip after dicing, there is known a so-called 
seal ring. The seal ring is a ring-like structure that Surrounds 
the circuits and bonding pads in the circumference of the 
semiconductor chip, and functions to block moisture from the 
outside. 
0011. One example of such seal rings is disclosed in Japa 
nese Patent Application Publications No. 2004-297022 
(patent literature 1) and No. 2005-175204 (patent literature 
2). 
0012 Incidentally, in the processes of manufacturing the 
semiconductor device, a test probe is brought into contact 
with the bonding pad to test electric characteristics in a wafer 
state before the semiconductor Substrate is Subjected to dicing 
to be cut into semiconductor chips. 
0013 The seal ring disclosed in the patent literatures 1 and 
2 has an effect of blocking moisture to some extent. However, 
it is likely that damages and cracks of the bonding pad would 
becaused by the test probe. Thus, it is likely that a penetration 
path of moisture, which extends from the circumference of 
the bonding pad to the ferroelectric capacitor, would be 
formed during testing electric characteristics at a wafer level. 
In addition, there also causes a disadvantage that a bonding 
wire. Such as a gold wire, is easily separated from the bonding 
pad due to the damages of the bonding pad. 
0014. In light of the foregoing problem, in Japanese Unex 
amined Patent Application Publication No. Sho 60-241229 
(patent literature 3), Hei 2-235356 (patent literature 4), and 
No. Hei 5-299484 (patent literature 5), and Japanese Patent 
Application Publications No. Hei')-330963 (patent literature 
6), a test pad and a bonding pad are formed separately. Then, 
during the test at a wafer level, the probe is brought into 
contact with only the test pad, so that damages would not be 
caused in the bonding pad during the test. 
0015. However, in the patent literatures 3 to 6, improve 
ment of moisture resistance of the semiconductor chip is not 
considered at all. 
0016. In addition to the above-described patent literatures 
1 to 6, a technique relating to the present application is also 
disclosed in Japanese Patent Application Publication No. 
2004-2.96775, Japanese Patent No. 2917362, and Japanese 
Patent Application Publication No. 2003-92353. 

SUMMARY 

0017. It is an aspect of the embodiment discussed hereinto 
provide a semiconductor device including a semiconductor 
Substrate having a circuit forming region and a peripheral 
region, a base insulating film formed over the semiconductor 
Substrate, a capacitor formed of a lower electrode, a capacitor 
dielectric film made of a ferroelectric material, and an upper 
electrode in this order over the base insulating film in the 
circuit forming region, an uppermost interlayer insulating 
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film formed over the capacitor, a seal ring formed over the 
semiconductor Substrate in the peripheral region, the seal ring 
having a height that reaches at least an upper Surface of the 
interlayer insulating film, and Surrounding the circuit forming 
region, a block film formed over the seal ring and the inter 
layer insulating film in the circumference of the seal ring, and 
an electrode conductor pattern which is formed over the inter 
layer insulating film in the peripheral region, the electrode 
conductor pattern having an electrode pad, and having a 
cross-section exposed to a dicing Surface 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIGS. 1A to 1X are cross-sectional views showing 
processes of manufacturing a semiconductor wafer structure 
according to a first embodiment; 
0019 FIG. 2 is a cross-sectional view showing a process of 
a test on the semiconductor wafer structure according to the 
first embodiment; 
0020 FIG.3 is a cross-sectional view showing a process of 
dicing on a semiconductor wafer device according to the first 
embodiment; 
0021 FIG. 4 is an enlarged plan view showing a planar 
layout of a first fence-shaped conductive plugin the semicon 
ductor wafer device according to the first embodiment; 
0022 FIG.5 is an enlarged plan view of a first ring-shaped 
conductor pattern in the semiconductor wafer structure 
according to the first embodiment; 
0023 FIG. 6 is an enlarged plan view showing a planar 
layout of a block film in the semiconductor wafer structure 
according to the first embodiment; 
0024 FIG. 7 is an enlarged plan view showing a planar 
layout of an electrode conductor pattern in the semiconductor 
wafer structure according to the first embodiment; 
0025 FIG. 8 is an enlarged plan view in a vicinity of the 
electrode conductor pattern after the process shown in FIG. 
1X is finished in the first embodiment; 
0026 FIG. 9 is a general plan view of the semiconductor 
wafer structure according to the first embodiment; 
0027 FIGS. 10A to 10K are cross-sectional views show 
ing processes of manufacturing a semiconductor wafer struc 
ture according to a second embodiment; 
0028 FIG. 11 is a cross-sectional view of a process of a 

test on the semiconductor wafer structure according to the 
second embodiment; 
0029 FIG. 12 is a cross-sectional view of a process of 
dicing on a semiconductor wafer device according to the 
second embodiment; 
0030 FIG. 13 is an enlarged plan view showing a planar 
layout of first and second conductor patterns and a block 
conductive film in the semiconductor wafer device according 
to the second embodiment; 
0031 FIG. 14 is an enlarged plan view showing a planar 
layout of the block film in the semiconductor wafer device 
according to the second embodiment; 
0032 FIG. 15 is an enlarged plan view in a vicinity of the 
conductor pattern after the process shown in FIG. 10J is 
finished in the second embodiment; and 
0033 FIG.16 is a cross-sectional view of a semiconductor 
wafer structure according to a comparative example. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0034 Embodiments will be described below in detail by 
referring to the accompanying drawings. 

(1) First Embodiment 
0035 FIGS. 1A to 1X are cross-sectional views showing 
processes of manufacturing a semiconductor wafer structure 
according to a first embodiment. 
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0036 Firstly, processes for obtaining a cross-sectional 
structure shown in FIG. 1A will be described. 

0037. A surface of an n-type or p-type silicon (semicon 
ductor) substrate 10 is thermally oxidized to form an element 
isolation insulating film 11. This element isolation insulating 
film 11 defines active regions of transistors. Such an element 
isolation structure is referred to as a local oxidation of silicon 
(LOCOS). In place of this, shallow trench isolation (STI) may 
be employed. 
0038. In addition, the silicon substrate 10 is, for example, 
a silicon wafer with the diameter of 8 inches and has a chip 
region I and a scribe region II as shown in the figure. The chip 
region I will be broadly divided later into a circuit forming 
region I where a ferroelectric capacitor or the like is formed 
and a peripheral region I, where a bonding pad or the like is 
formed. 

0039. Subsequently, a p-type impurity, for example, boron 
is introduced into the active region of the silicon substrate 10 
to form a p-well 12. Thereafter, the surface of the active 
region is thermally oxidized to form a thermally-oxidized 
film to be a gate insulating film 14 with a thickness of approxi 
mately 6 nm to 7 nm. 
0040. After that, an amorphous silicon film with a thick 
ness of approximately 50 nm and a tungsten silicide film with 
a thickness of approximately 150 nm will be sequentially 
formed on the entire upper surface of the silicon substrate 10. 
Here, a polycrystalline silicon film may beformed in place of 
the amorphous silicon film. Thereafter, these films are pat 
terned by photolithography, so that gate electrodes 15 are 
formed on the silicon substrate 10. 

0041. Two of the gate electrodes 15 are formed so as to be 
parallel to each other on the p-well 12, and each of which 
configures a part of a ward line. 
0042. Furthermore, phosphorus, as an n-type impurity, is 
introduced into the silicon substrate 10 beside the gate elec 
trodes 15 by ion implantation using the gate electrodes 15 as 
a mask. Thereby, first and second source/drain extensions 17a 
and 17b are formed. 

0043. After that, an insulating film is formed on the entire 
upper surface of the silicon substrate 10. Then, the insulating 
film is etched back to be left as insulating spacers 18 beside 
the gate electrodes 15. A silicon oxide film as the insulating 
film is formed by, for example, the chemical vapor deposition 
(CVD) method. 
0044 Subsequently, by using the insulating spacers 18 
and the gate electrodes 15 as a mask, the ion implantation is 
carried out again to introduce an n-type impurity, such as 
arsenic, into the silicon substrate 10. Thereby, first and second 
source/drain regions 19a and 19b are formed on the silicon 
substrate 10 beside the gate electrodes 15. 
0045. Furthermore, a refractory metal film, such as a 
cobalt film or the like, is formed on the entire upper surface of 
the silicon substrate 10 by a sputtering method. Then, the 
refractory metal film is heated, and thereby caused to react 
with silicon. Accordingly, a refractory metal silicide layer 22, 
such as a cobalt silicide layer or the like, is formed on the 
silicon substrate 10 in the first and second source? drain 
regions 19a and 19b. Thereby, resistance of each of the 
source/drain regions 19a and 19b is lowered. Note that such a 
refractory metal silicide layer 22 is also formed on the surface 
layer of the silicon substrate 10 in each of the peripheral 
region I, and the scribe region II. 
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0046. Thereafter, the refractory metal layer left unreacted 
on the device isolation insulating film 11 and the like is 
removed by wet etching. 
0047. With the processes described so far, first and second 
MOS transistors TR to TR, each of which is formed of the 
gate insulating film 14, the gate electrode 15, the first and 
second source/drain regions 19a and 19b, and the like, are 
formed in the active regions of the silicon substrate 10. 
0048 Next, as shown in FIG. 1B, a silicon oxynitride 
(SiON) film is formed with a thickness of approximately 200 
nm on the entire upper surface of the silicon substrate 10 by a 
plasma CVD method. The resultant film is set to be a cover 
insulating film 24. 
0049 Furthermore, a silicon oxide (SiO) film is formed, as 
a base insulating film 25, with a thickness of approximately 
600 nm on the cover insulating film 24, by the plasma CVD 
method using a tetra ethoxy silane (TEOS) gas. Thereafter, 
the upper surface of the base insulating film 25 is polished by 
approximately 200 nm and planarized by a chemical 
mechanical polishing (CMP) method. 
0050. Next, processes for obtaining a cross-sectional 
structure showing FIG. 1C will be described. 
0051 Firstly, a platinum film is formed, as a lower elec 
trode conductive film 27, on the base insulating film 25 by the 
sputtering method. This lower electrode conductive film 27 
will be patterned later to be a capacitor lower electrode with 
the film thickness of approximately 155 nm. 
0052 Furthermore, a PZT film is formed with the thick 
ness of 150 nm to 200 nm on the lower electrode conductive 
film 27 by the sputtering method. This PZT film is set to be a 
ferroelectric film 28. 

0053 As a method for forming the ferroelectric film 28, 
there are a metal organic CVD (MOCVD) method and a 
sol-gel method, in addition to the Sputtering method. Further 
more, a material of the ferroelectric film 28 is not limited to 
the above-described PZT, and it may be formed of Bilayer 
structure compounds, such as SrBiTa-Oo, SrBi(TaNb) 
209, or BiaTiO2, PLZT(Pb-LaZrTiO), which is 
formed by doping lanthanum into PZT, or other metal oxide 
ferroelectrics. 

0054 Here, the PZT formed by the sputtering method is 
hardly crystallized just after film formation, and has therefore 
poor ferroelectric characteristics. For this reason, as crystal 
lization annealing for crystallizing PZT forming the ferro 
electric film 28, rapid thermal anneal (RTA) is carried out. 
This RTA is performed with a substrate temperature of 
approximately 585°C. for approximately 90 seconds in an 
atmosphere containing oxygen. Note that, if the ferroelectric 
film 28 is formed by the MOCVD method, this crystallization 
annealing is not needed. 
0055 Subsequently, a first iridium oxide (IrO2) film is 
formed with a thickness of approximately. 50 nm on the 
above-described ferroelectric film 28 by the sputtering 
method. Then, RTA is carried out on this first iridium oxide 
film. The conditions for the RTA are not particularly limited. 
In the present embodiment, the RTA is carried out in the 
atmosphere containing oxygen with the Substrate temperature 
of 725°C. for the processing time of 20 seconds. 
0056. Thereafter, a second iridium oxide film is formed 
with a thickness of approximately 200 nm on the first iridium 
oxide film by the sputtering method. Then, a laminated film 
formed of these first and second iridium oxide films is set to 
be an upper electrode conductive film 29. 
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0057. An alumina (AlO) film may be formed with a 
thickness of for example, as thin as approximately 20 nm, on 
the base insulating film 25 by the sputtering method before 
the above-described lower electrode conductive film 27 is 
formed. Thereby, the orientation performance of platinum 
forming the lower electrode conductive film 27 becomes pref 
erable when compared with the case where the lower elec 
trode conductive film 27 is directly formed on the base insu 
lating film 25. The orientation performance of the lower 
electrode conductive film 27 has an effect to arrange the 
orientation of the PZT forming the ferroelectric film 28 in the 
same direction. As a result, the ferroelectric characteristics of 
the ferroelectric film 28 are improved. 
0058 Next, as shown in FIG. 1D, the upper electrode 
conductive film 29 is patterned by photolithography and etch 
ing to forman upper electrode 29a. Then, to recover damages 
received in the ferroelectric film 28 due to this patterning, 
recovery annealing is carried out on the ferroelectric film 28 
in a vertical furnace. This recovery annealing is carried out in 
the atmosphere containing oxygen under conditions, for 
example, with the substrate temperature of 650° C. and the 
processing time of 60 minutes. 
0059. Subsequently, as shown in FIG.1E, the ferroelectric 
film 28 is patterned by photolithography and etching to form 
a capacitor dielectric film 28a formed of a ferroelectric mate 
rial. Such as a PZT. The damages received in the capacitor 
dielectric film 28a due to this patterning are recovered by 
recovery annealing. This recovery annealing is carried out 
with the atmosphere containing oxygen in a vertical furnace, 
like the above-described recovery annealing. For example, 
the recovery annealing is carried out under conductions with 
the substrate temperature of 350° C. and the processing time 
of 60 minutes. 

0060 Next, as shown in FIG. 1F, a first alumina film 31 is 
formed with a thickness of approximately 50 nm on the entire 
upper surface of the silicon substrate 10 by the sputtering 
method. This first alumina film is for protecting the capacitor 
dielectric film 28a from reducing materials, such as hydrogen 
and moisture. Then, to recover damages received in the 
capacitor dielectric film 28a by the sputtering, recovery 
annealing is carried out in the atmosphere containing oxygen 
with the substrate temperature of 550° C. for approximately 
60 minutes. This recovery annealing is carried out in, for 
example, a vertical furnace. 
0061 Next, as shown in FIG. 1G, the lower electrode 
conductive film 27 and the first alumina film 31 are patterned 
by photolithography and etching. Thereby, the lower elec 
trode conductive film 27 under the capacitor dielectric film 
28a is set to be a lower electrode 27a, and the first alumina 
film 31 is left in such a manner as to cover the lower electrode 
27a. 

0062. Thereafter, to recover damages received in the 
capacitor dielectric film 28a during the process, recovery 
annealing is carried out on the capacitor dielectric film 28a in 
a vertical furnace with the atmosphere containing oxygen 
under conditions with the substrate temperature of 550° C. 
and the processing time of 60 minutes. 
0063. With the processes described so far, a capacitor Q is 
formed, in the chip region I of the silicon substrate 10, by 
laminating the lower electrode 27a, the capacitor dielectric 
film 28a, and the upper electrode 29a in this order. 
0064. Next, as shown in FIG.1H, a second alumina film 33 
for protecting the capacitor dielectric film 28a is formed with 
a thickness of approximately 20 nm on the entire upper Sur 
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face of the silicon substrate 10 by the sputtering method. This 
second alumina film 33, together with the first alumina film 
31 thereunder, functions to prevent reducing materials. Such 
as hydrogen and moisture, from coming in contact with the 
capacitor dielectric film 28a, thereby to suppress deteriora 
tion of ferroelectric characteristics of the capacitor dielectric 
film 28a due to reduction thereof. 

0065. After that, under conditions with the substrate tem 
perature of 550° C. and the processing time of 60 minutes, 
recovery annealing is carried out on the capacitor dielectric 
film 28a in a vertical furnace with the atmosphere containing 
OXygen. 

0.066 Furthermore, as shown in FIG. 1I, a silicon oxide 
film is formed with a thickness of approximately 1500 nm on 
the above-described second alumina film 33 by the plasma 
CVD method using the TEOS gas. This silicon oxide film is 
set to be a first insulating film 34. Thereafter, the upper sur 
face of the first insulating film 34 is polished and planarized 
by the CMP method. 
0067. As described above, a first interlayer insulating film 
35, which is formed of the second alumina film 33 and the first 
insulating film 34, is formed on the capacitor Q. Note that an 
interlayer insulating film means herein an insulating film in 
which a wiring is formed on the upper surface thereof. 
0068. Next, processes for obtaining a cross-sectional 
structure shown in FIG. 1J will be described. 
0069 Firstly, the first interlayer insulating film 35, the 
base insulating film 25, and the cover insulating film 24 are 
patterned by photolithography and dry etching. Thereby, first 
and second contact holes 35a and 35b are formed in these 
films in the circuit forming region I and a first groove 35c is 
formed in these films in the peripheral region I. 
0070 This dry etching is carried out by three-step etching 
in a parallel plate-type plasma etching apparatus (unillus 
trated). In the first step of the etching, a mixed gas of CFs, O, 
and Arisused as an etching gas so as to etch the first interlayer 
insulating film 35 to the base insulating film 25 by using the 
cover insulating film 24 as an etching stopper film. 
0071. In the second step, a mixed gas of O and Aris used 
as an etching gas to remove an etching product generated in 
the holes during the first step by using a sputtering effect of 
the mixed gas. 
0072 Then, in the third step of the etching, a mixed gas of 
CFs, CFO, and Ar is used as an etching gas to etch the 
cover insulating film 24. 
0073. The first and second contact holes 35a and 35b of the 
contact holes formed as described above are formed on the 
first and second source/drain regions 19a and 19b. 
0074. On the other hand, the first groove 35c is formed in 
a depth so as to reach the silicon substrate 10 in the peripheral 
region I. 
0075 Subsequently, a titanium (Ti) film with the thickness 
of 20 nm and a titanium nitride (TiN) film with the thickness 
of 50 nm are formed on each of the inner surfaces of the first 
and second contact holes 35a and 35b and the first groove 35c 
and on the upper Surface of the first interlayer insulating film 
35 by the sputtering method. The resultant films are set to be 
a glue film. Then, a tungsten film is formed on the glue film by 
the CVD method using a tungsten hexafluoride gas, and this 
tungsten film is completely embedded in the first and second 
contact holes 35a and 35b and the first groove 35c. 
0076. Thereafter, the excessive glue film and tungsten film 
on the first interlayer insulating film 35 are polished and 
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removed by the CMP method. The glue film and tungsten film 
are left only inside the first and second contact holes 35a and 
35b and the first groove 35c. 
0077. The glue film and tungsten film left inside the first 
and second contact holes 35a and 35b become first and sec 
ond contact plugs 4.0a and 40b, which are electrically con 
nected to the first and second source/drain regions 19a and 
19E. 
0078. In contrast, the glue film and tungsten film left inside 
the first groove 35c in the peripheral region I become a first 
fence-shaped conductive plug 40c. 
007.9 FIG. 22 is an enlarged plan view showing a planar 
layout of this fence-shaped conductive plug 40c. The respec 
tive cross-sections of the peripheral region I, and the scribe 
region II in the above-described FIG. 1J correspond to the 
cross-sectional view taken along the F1-F1 line in FIG. 22. 
0080. As shown in FIG. 4, the fence-shaped conductive 
plug 40c is formed in the form of a fence so as to surround the 
circuit forming region I. 
I0081. Here, the first and second contact plugs 4.0a and 40b 
(see FIG. 1J) are mainly formed of tungsten, which is oxi 
dized very easily. For this reason, contact defect may possibly 
occur in the atmosphere containing oxygen. 
0082. Accordingly, in the Subsequent process, as shown in 
FIG. 1 K, a silicon oxynitride film is formed, by the CVD 
method, with a thickness of approximately 100 nm as an 
oxidation preventive insulating film 41 on the entire upper 
surface of the silicon substrate 10. Thereby, this oxidation 
preventive insulating film 41 prevents the first and second 
contact plugs 4.0a and 40b from being oxidized. 
I0083. Thereafter, the oxidation preventive insulating film 
41 to the first alumina film 31 are patterned by photolithog 
raphy and etching. Thereby, first and second openings 35d 
and 35e are formed in these insulating films on the upper 
electrode 29a and the lower electrode 27a, respectively. 
I0084. After that, to recover damages received in the 
capacitor dielectric film 28a by the processes carried out so 
far, the silicon substrate 10 is placed in a vertical furnace with 
the atmosphere containing oxygen. Then, the sixth recovery 
annealing is carried out on the capacitor dielectric film 28a 
under conditions with the substrate temperature of 500° C. 
and the processing time of 60 minutes. 
I0085 Next, processes for obtaining a cross-sectional 
structure shown in FIG.1L will be described. 
I0086 Firstly, a metal laminated film is formed, by the 
sputtering method, on each of the upper Surfaces of the first 
interlayer insulating film 35, the first and second contact 
plugs 4.0a and 40b, and the first fence-shaped conductive plug 
40c. In the present embodiment, the metal laminated film is 
formed by laminating a titanium nitride film with a thickness 
of approximately 150 nm, a copper-containing aluminum 
film with a thickness of approximately 550 nm, a titanium 
film with a thickness of approximately 5 nm, and a titanium 
nitride film with a thickness of approximately 150 nm in this 
order. This metal laminated film is also formed inside the first 
and second openings 35d and 35e on the capacitor Q. 
I0087. Then, the metal laminated film is patterned by pho 
tolithography and etching to form first layer metal wirings 
41a on the first interlayer insulating film 35 in the circuit 
forming region IC and the first ring-shaped conductor pattern 
41b on the first fence-shaped conductive plug 40c in the 
peripheral region I. 
I0088 Among these first metal wirings 41a, ones formed 
on the capacitor Q are electrically connected to the upper and 
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lower electrodes 29a and 27a through the first and second 
openings 35d and 35e, respectively. 
I0089. Thereafter, the first interlayer insulating film 35 is 
dehydrated by annealing under conditions with the substrate 
temperature of 350° C., the N flow rate of 20 liters per 
minute, and the processing time of 30 minutes, by using, for 
example, the vertical furnace with the nitrogen atmosphere. 
0090 FIG. 5 is an enlarged plan view showing a planar 
layout of the first ring-shaped conductor pattern 41b formed 
in that process. The respective cross-sections of the peripheral 
region I, and the scribe region II in the above-described FIG. 
1L correspond to the cross-sectional view taken along the 
F2-F2 line in FIG. 5. 
0091. As shown in FIG. 5, the first ring-shaped conductor 
pattern 41b is formed in the form of a ring on the first fence 
shaped conductive plug 40c. 
0092 Next, processes for obtaining a cross-sectional 
structure shown in FIG. 1M will be described. 
0093 Firstly, an alumina film is formed on the entire upper 
surface of the silicon substrate 10, by the sputtering method, 
as a first capacitor protection insulating film 46. 
0094. The first capacitor protection insulating film 46 has 
a function to protect the capacitor dielectric film 28a by 
blocking reducing materials, such as hydrogen and moisture. 
Films having such a function include a titanium oxide (TiO) 
film as well, in addition to the above-described alumina film. 
0095 Subsequently, a silicon oxide film is formed on the 

first capacitor protection insulating film 46, as a second insu 
lating film 47, by the plasma CVD method using the TEOS 
gas as a reactant gas. Thereafter, the second insulating film 47 
is polished and planarized by the CMP method. By this CMP. 
the thickness of the second insulating film 47 after planariza 
tion becomes approximately 1000 nm on the first metal wir 
ings 45a. 
0096. Then, in order to prevent reducing materials con 
tained in the outer atmosphere. Such as hydrogen and mois 
ture, from coming in contact with the capacitor dielectric film 
28a after the second insulating film 47 is dehydrated by the 
NO plasma processing, an alumina film with excellent 
blocking capability against these reducing materials is 
formed with a thickness of approximately 50 nm on the sec 
ond insulating film 47, by the sputtering method. The result 
ant alumina film is set to be a second capacitor protection 
insulating film 48. 
0097. The second capacitor protection insulating film 48 is 
not limited to the alumina film. Like the first capacitor pro 
tection insulating film 46, the second capacitor protection 
insulating film 48 may be formed of a titanium oxide film. 
0098. Subsequently, a silicon oxide film is formed on the 
second capacitor protection insulating film 48 by the plasma 
CVD method using the TEOS gas. This silicon oxide film is 
set to be a first cap insulating film 49. The thickness of the first 
cap insulating film 49 is, for example, approximately 100 nm. 
0099. After that, the first cap insulating film 49 is dehy 
drated by the NO plasma processing. 
0100. With the processes described so far, a second inter 
layer insulating film 50, which is formed of the first and 
second capacitor protection insulating films 46 and 48, the 
second insulating film 47, and the first cap insulating film 49. 
is formed on the first metal wirings 41a and the ring-shaped 
conductor pattern 41b. 
0101 Next, processes for obtaining a cross-sectional 
structure shown in FIG. 1N will be described. 
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0102 Firstly, the second interlayer insulating film 50 is 
patterned by photolithography and dry etching to form a first 
hole 50a on the first metal wiring 41a in the circuit forming 
region I and a second groove 50b on the ring-shaped con 
ductor pattern 41b in the peripheral region I. Such dry etch 
ing is carried out in a parallel plate-type plasma etching 
chamber by using the mixed gas of, for example, CFs. Ar. 
and O2 as an etching gas. 
0103 Subsequently, a titanium nitride film is formed, by 
the sputtering method, with a thickness of approximately 150 
nm on the second interlayer insulating film 50 and on each of 
the inner surfaces of the first hole 50a and the second groove 
50b as a glue film. 
0104 Furthermore, a tungsten film is formed on this glue 
film by the plasma CVD method using a tungsten hexafluo 
ride gas, and the first hole 50a and the second groove 50b are 
completely filled with this tungsten film. 
0105. Thereafter, the excessive glue film and tungsten film 
on the second interlayer insulating film 50 are polished and 
removed by the CMP method. These films are left only inside 
the first hole 50a and the second groove 50b. In the present 
process, the etching back method can be employed in place of 
the CMP method. 

0106 The glue film and tungsten film left inside the first 
hole 50a as described above become a first conductive plug 
57a which is electrically connected to the first metal wiring 
41a. 

01.07 In addition, the glue film and tungsten film left 
inside the second groove 50a become a second fence-shaped 
conductive plug 57b. 
0108) Note that the planar shape of the second fence 
shaped conductive plug 57b is similar to that of the first 
fence-shaped conductive plug 40c shown in FIG. 4, and thus 
illustration thereof will be omitted. 

0.109 Next, as shown in FIG. 10, a metal laminated film is 
formed, by the Sputtering method, on each of the second 
interlayer insulating film 50, the first conductive plug 57a, 
and the second fence-shaped conductive plug 57b. The metal 
laminated film is patterned to form second metal wirings 55a 
and a second ring-shaped conductor pattern 55b in the chip 
region I. 
0110. The metal laminated film is formed of, for example, 
a copper-containing aluminum film with a thickness of 
approximately 550 nm, a titanium film with a thickness of 
approximately 5 nm, and a titanium nitride film with a thick 
ness of approximately 150 nm in this order from the bottom 
thereof. 

0111. In addition, the planar shape of the second ring 
shaped conductor pattern 55b is same as that of the first 
ring-shaped conductor pattern 41b described in FIG. 5, and 
thus illustration thereof will be omitted. 

0112 Next, as shown in FIG. 1P, a silicon oxide film is 
formed, by the plasma CVD method using the TEOS gas, 
with a thickness of approximately 2200 nm on each of the 
second interlayer insulating film 50, the second metal wiring 
55a, and the second ring-shaped conductor pattern 55b. The 
resultant silicon oxide film is set to be a third insulating film 
51. 

0113. Then, the upper surface of the third insulating film 
51 is polished and planarized by the CMP method. Thereafter, 
the third insulating film 51 is dehydrated by the NO plasma 
processing. The N2O plasma processing is carried out in a 
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CVD apparatus under conditions, for example, with the sub 
strate temperature of 350° C. and the processing time of four 
minutes. 
0114 Subsequently, an alumina film is formed, by the 
sputtering method, with a thickness of approximately 50 nm 
on the third insulating film 51. The alumina film is formed, as 
a third capacitor protection insulating film 52, for protecting 
the capacitor dielectric film 28a from reducing materials. 
Note that the third capacitor protection insulating film 52 may 
be formed of a titanium oxide film, in place of the alumina 
film. 
0115. After that, a silicon oxide film is formed with a 
thickness of approximately 100 nm on the third capacitor 
protection insulating film 52 by the plasma CVD method 
using the TEOS gas. The resultant silicon oxide film is set to 
be a second cap insulating film 53. 
0116. Thereafter, the NO plasma processing is carried out 
on the second cap insulating film 53 in a CVD apparatus 
under conditions such as the substrate temperature of 350° C. 
and the processing time of two minutes to dehydrate the 
second cap insulating film 53. 
0117. With the processes described so far, a third inter 
layer insulating film 54, which is formed by laminating the 
third insulating film 51, the third capacitor protection insu 
lating film 52, and the second cap insulating film 53, is formed 
on each of the second metal wirings 55a and the second 
ring-shaped conductor pattern 55b. In the present embodi 
ment, the third interlayer insulating film 54 is the uppermost 
interlayer insulating film. 
0118. Next, processes for obtaining a cross-sectional 
structure shown in FIG. 1C will be described. 
0119 Firstly, the third interlayer insulating film 54 is pat 
terned by photolithography and dry etching to form a second 
hole 54a on the second metal wiring 55a and a third groove 
54b on the second ring-shaped conductor pattern 55b. 
0120. The dry etching is carried out in, for example, a 
parallel plate-type plasma etching chamber by using the 
mixed gas of CFs. O. and Aras an etching gas. 
0121 Subsequently, on the third interlayer insulating film 
54 and on each of the inner surfaces of the second hole 54a 
and the third groove 54b, a titanium nitride film is formed by 
the sputtering method, with a thickness of approximately 50 
nm. The resultant film is set to be a glue film. After that, a 
tungsten film is formed on the glue film with the thickness, for 
example, approximately 650 nm, that the second hole 54a and 
the third groove 54b are completely embedded by the CVD 
method. 
0122) Thereafter, the excessive glue film and tungsten film 
on the third interlayer insulating film 54 are polished by the 
CMP method. These films are left only inside each of the 
second hole 54a and the third groove 54b. 
0123. The glue film and tungsten film left inside the sec 
ond hole 54a is set to be a second conductive plug 56a which 
is electrically connected to the second metal wiring 55a. 
0.124. On the other hand, the glue film and tungsten film 

left inside the third groove 54b is set to be a third fence-shaped 
conductive plug 56b. 
0.125. The third fence-shaped conductive plug 56b serves 
as a seal ring SL, together with the first and second fence 
shaped conductive plugs 40c and 57b, and the first and second 
ring-shaped conductor patterns 41b and 55b, which are 
formed under the third fence-shaped conductive plug 56b. 
After the silicon substrate 10 is subjected to dicing to be cut 
into chips, this seal ring SL functions to prevent reducing 
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materials from the outside thereof. Such as moisture and 
hydrogen, from coming in contact with the capacitor dielec 
tric film 28a. In the present embodiment, the seal ring SL has 
the height that reaches the upper surface of the third interlayer 
insulating film 54 from the surface of the silicon substrate 10. 
I0126. Next, as shown in FIG. 1R, an insulating film with 
excellent blocking capability against hydrogen and moisture, 
for example, a silicon nitride (SiN) film is formed by the CVD 
method with a thickness of approximately 150 nm on each of 
the third interlayer insulating film 54, the second conductive 
plugs 56a, and the third fence-shaped conductive plug 56b. 
The resultant film is set to be a block film 58. Such an insu 
lating film having the above-described blocking capability 
includes a silicon oxynitride (SiON) film, an alumina film, 
and a titanium oxide film, in addition to the silicon nitride 
film, and any of these insulating films can be used as the block 
film 58. Among these films, the silicon oxynitride film is 
formed by the CVD method, while the alumina film and the 
titanium oxide film are formed by the sputtering method. 
(O127 Next, as shown in FIG. 1S, a first resist pattern 59 
having a ring shape is formed above the seal ring SL. After 
that, by using the first resist pattern 59 as a mask, the block 
film 58 is etched to leave the block film 58 only on the third 
ring-shaped conductive plug 56b and the third interlayer insu 
lating film 54 in the circumference of the third ring-shaped 
conductive plug 56b. 
I0128 FIG. 6 is an enlarged plan view showing a planar 
layout of the block film 58. The respective cross-sections of 
the peripheral region I, and the scribe region II in the above 
described FIG. 1S correspond to the cross-sectional view 
taken along the F3-F3 line in FIG. 6. 
I0129. As shown in FIG. 6, the planar shape of the block 
film 58 is in the form of a ring like the seal ring SL. 
I0130. After that, the first resist pattern 59 (see FIG. 1T) 
used as a mask of etching is removed. 
0131 Next, as shown in FIG. 1T, an aluminum film 60a is 
formed, by the sputtering method, with a thickness of 
approximately 500 nm on each of the upper surfaces of the 
block film 58, the second conductive plugs 56a, and the third 
interlayer insulating film 54. The aluminum film 60a also 
contains copper. 
(0132. Furthermore, a titanium nitride film 60b is formed, 
by the Sputtering method, with a thickness of approximately 
150 nm on the aluminum film 60a. The titanium nitride film 
60b and the aluminum film 60a are setto be a metal laminated 
film 60. 

0.133 Next, processes for obtaining a cross-sectional 
structure shown in FIG. 1U will be described. 

I0134) Firstly, a second resist pattern 62 is formed on the 
metal laminated film 60. 

0.135 Subsequently, the metal laminated film 60 is etched 
by using the second resist pattern 62 as a mask, so that a third 
metal wiring 60c is formed in the circuit forming region I and 
an electrode conductor pattern 60d is formed in the peripheral 
region I. 
0.136. Here, during the etching of the metal laminated film 
60, over-etching is carried out so as not to leave etching 
residues of the metal laminated film 60. In spite of this over 
etching, since the second cap film 53 formed under the metal 
laminated film 60 functions to receive the etching, the third 
capacitor protection insulating film 52 with the thickness of 
as thin as approximately 50 nm can be prevented from being 
etched in the present process. 
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0.137 After the electrode conductor pattern 60d is formed 
as described above, the second resist pattern 62 is removed. 
0138 FIG. 7 is an enlarged plan view showing a planar 
layout of the electrode conductor pattern 60d. The respective 
cross-sections of the peripheral region I and the scribe region 
II in the above-described FIG. 1U correspond to the cross 
section taken along the F4-F4 line in FIG. 7. 
0.139. As shown in FIG. 7, the electrode conductor pattern 
60d extends from the peripheral region I to the scribe region 
II, and includes an electrode pad 60e in the peripheral region 
I, and a test pad 60? in the scribe region II. 
0140 Though functions of the electrode pad 60e are not 
particularly limited, in the present embodiment, the electrode 
pad 60e is used as a bonding pad which is subject to a bonding 
wire, such as a gold wire. Also, the electrode pad 60e, in place 
of the bonding pad, may be used as a pad to which a columnar 
electrode. Such as a solder or a gold bump, is connected. 
0141. As shown in FIG. 1U, a plurality of the second 
conductive plugs 56a is densely provided under the electrode 
pad 60e to have a structure in which the electrode pad 60e can 
bear the mechanical impact during wire bonding. 
0142. On the other hand, the test pad 60f is used when a test 

is carried out at the wafer level. The test pad 60f is brought 
into contact with a test probe, and it is tested if a circuit 
formed in the circuit forming region I normally functions. 
0143 Subsequently, as shown in FIG.1V, a silicon oxide 
film is formed, by the CVD method using the TEOS gas, with 
a thickness of approximately 100 nm on the entire upper 
surface of the silicon substrate 10. The resultant silicon oxide 
film is set to be a first passivation film 65. 
0144. After that, the NO plasma processing is carried out 
on the first passivation film 65 to dehydrate the first passiva 
tion film 65 and nitride the surface thereof in order to prevent 
moisture from adhering again thereon. Such NO plasma 
processing is carried out under conditions such as, for 
example, the substrate temperature of 350° C. and the pro 
cessing time of two minutes. 
0145. Furthermore, a silicon nitride film as a second pas 
sivation film 66 is formed, by the CVD method, with a thick 
ness of approximately 350 nm on the first passivation film 65. 
0146 Subsequently, as shown in FIG. 1W, a third resist 
pattern 67 provided with a first window 67a in the peripheral 
region I, and a second window 67b in the scribe region II is 
formed on the second passivation film 66. 
0147. After that, the first and second passivation films 65 
and 66 are dry-etched by using the third resist pattern 67 as a 
mask to form third and fourth openings 66a and 66b in these 
films as shown in the figure. The dry etching is carried out by 
using, for example, a parallel plate plasma etching apparatus 
(unillustrated) and the mixed gas of CHF, CF, and O. as an 
etching gas. 
0148. Thereafter, the third resist pattern 67 is removed. 
0149 Next, processes for obtaining a cross-sectional 
structure shown in FIG. 1X will be described. 

0150. Firstly, a photosensitive polyimide is coated onto 
the second passivation film 66 and into each of the openings 
66a and 66b to form a polyimide coating film with a thickness 
of approximately 3 um. Subsequently, this polyimide coating 
film is exposed and developed. After that, the polyimide coat 
ing film is heated in a horizontal furnace with the nitrogen 
atmosphere to be cured. Though conditions of the curing are 
not particularly limited, in the present embodiment, the sub 
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strate temperature of 310°C., the flow rate of nitrogen of 100 
litters per minute, and the processing time of 40 minutes are 
employed as the conditions. 
0151. Accordingly, as shown in FIG. 1X, the process 
results in formation of a protection insulating film 68 pro 
vided with fifth and sixth openings 68a and 68b above the 
electrode pad 60e and the test pad 60?, respectively. 
0152 FIG. 8 is an enlarged plan view in a vicinity of the 
electrode conductor pattern 60d after the above-described 
process is finished. The respective cross-sections of the 
peripheral region I, and the scribe region II in the above 
described FIG.1X correspond to a cross-sectional view taken 
along the F5-F5 line in FIG.8. 
0153. With the processes described so far, the basic struc 
ture of the semiconductor wafer structure according to the 
present embodiment is completed. 
0154 FIG. 9 is a general plan view of the semiconductor 
wafer structure. As shown in the figure, a plurality of chip 
regions I are defined in the silicon substrate 10. 
0155 The process is followed by a test process and a 
dicing process to cut the silicon Substrate 10 into each chip 
region I. These processes will be described by referring to 
FIGS. 2 and 3. 
0156 Firstly, in the test process, as shown in FIG. 2, a 
probe 69 is brought into contact with the test pad 60fformed 
in the scribe region II so as to test at the wafer level if the 
circuit formed in the circuit region I normally operates. 
0157. Then, if passing the test, dicing is carried out along 
the scribe region II to obtain a plurality of semiconductor 
chips (semiconductor devices) 70 as shown in FIG. 3. 
0158. During the dicing, the test pad 60f formed in the 
scribe region II (see FIG. 2) is cut, and the cross-section 60g 
of the electrode conductor pattern 60d is exposed to a dicing 
surface (cut surface) 71. 
0159. As described above, the main processes of the 
present embodiment are finished. 
0160 According to the semiconductor wafer structure 
according to the above-described present embodiment, as 
shown in FIG. 2, the test pad 60f is provided to the electrode 
conductor pattern 60d in the scribe region II, in addition to the 
electrode pad 60e on which bonding or the like is applied. A 
test is carried out by bringing the probe 69 into contact with 
the test pad 60f 
0.161 Accordingly, even when the test pad 60freceives a 
mechanical impact from the probe 69 during the test, it is less 
likely that damages and cracks are generated in the electrode 
pad 60e which is formed distantly from the test pad 60f. The 
result does not lead to formation of a moisture-penetration 
path extending from the circumference of the electrode pad 
60e to the capacitor dielectric film 28a, as observed in the case 
where damages or the like are generated in the electrode pad 
60e. Therefore, the deterioration of the capacitor dielectric 
film 28a due to the test at the wafer level can be prevented. 
0162. In addition, there is no concern about generating 
damages in the electrode pad 60e as described above. Accord 
ingly, there is no need to set the upper limitation about the 
number of contact of the probe 69 to the test pad 60?. With 
this, it is capable of contacting the probe 69 to the test pad 60f 
any number of times, and thus, a test can be freely carried out 
without limitation. 
0163 Moreover, the test pad 60f and the electrode pad 60e 
are formed in the same electrode conductor pattern 60d. 
Thereby, the number of processes required for forming the 
respective patterns 60f and 60e can be reduced in comparison 
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to the case where these pads are formed of separate conductor 
patterns. As a result, the manufacturing cost of the semicon 
ductor wafer structure can be made less expensive. 
0164. Furthermore, according to the semiconductor 
device according to the present embodiment, as shown in 
FIG. 3, the seal ring SL formed in the peripheral region I, is 
formed with the height that reaches the upper surface of the 
third interlayer insulating film 54 from the surface of the 
silicon substrate 10. In addition, the block film 58 is formed 
on the seal ring SL and the third interlayer insulating film 54 
in the circumference of the seal ring SL. 
0.165. The formation of the seal ring SL with such a height 
and the block film 58 results in cutting the penetration path of 
reducing materials such as moisture from the lateral direction 
of the semiconductor device as shown in the path A in FIG.3. 
Thereby, after being cut into semiconductor chips, the capaci 
tor dielectric film 28a can be prevented from deteriorating 
due to exposure to reducing materials. 
0166 In the present embodiment, prevention of both the 
damages of the test pad 60f and the penetration of reducing 
materials can contribute to improvement of a PT/FT yield of 
the semiconductor device and prolongation of a life until the 
semiconductor device after dicing is broken. Note that the 
PT/FT yield means the ratio of a yield rate PT from the test 
(primary test) at the wafer level and a yield rate FT from the 
test (final test) in the form of a chip after dicing. 
0167. In addition, in the present embodiment, the lami 
nated film including the third capacitor protection insulating 
film 52 is used as the third interlayer insulating film 54. 
Thereby, the third capacitor protection insulating film 52 with 
the excellent blocking capability against reducing materials 
can cut the penetration path of reducing materials from above 
the semiconductor device as shown in a path B in FIG. 3. 
Thus, the deterioration of the capacitor dielectric film 28a can 
be surely prevented. 
(0168 Moreover, the above-described block film 58 is 
formed of the insulating films, such as the silicon nitride film, 
the silicon oxynitride (SiON) film, the alumina film, and the 
titanium oxide film, and is formed in a size to cover the third 
fence-shaped conductive plug 56b. Accordingly, a structure 
in which the seal ring SL and the electrode conductor pattern 
60d are electrically insulated is obtained. Thereby, whenatest 
is carried out at the wafer level (see FIG. 2), a test current 
supplied from the probe 69 is prevented from flowing to the 
silicon substrate 10 through the seal ring SL. As a result, a test 
current with a desired current magnitude can be supplied to 
the circuit formed in the circuit forming region I and the test 
at the wafer level can be surely carried out. 
0169. In the present embodiment, the seal ring SL is 
directly formed on the silicon substrate 10, but the present 
embodiment is not limited to this structure. For example, an 
element isolation insulating film 11 may be formed on the 
silicon substrate 10 in the peripheral region I, and then the 
seal ring SL may be formed on the element isolation insulat 
ing film 11. However, with a view to blocking external reduc 
ing materials, it is preferable that the seal ring SL and the 
silicon substrate 10, both of which are formed of a conductive 
material, be directly connected to each other as in the present 
embodiment. This is also true in the following second 
embodiment. 

(2) Second Embodiment 
(0170 FIGS. 10A to 10K are cross-sectional views of 
manufacturing a semiconductor wafer structure according to 
a second embodiment. 
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(0171 To manufacture a semiconductor wafer structure 
according to the present embodiment, the processes 
described in FIGS. 1A to 1C in the first embodiment will be 
firstly carried out. 
0172 Subsequently, as shown in FIG. 10A, an aluminum 
film 77a is formed, by the sputtering method, with a thickness 
of approximately 500 nm on the entire upper surface of the 
silicon substrate 10. The aluminum film 77a also contains 
copper. After that, a titanium nitride film 77b is formed, by the 
sputtering method, with a thickness of approximately 150 nm 
on the aluminum film 77a. The titanium nitride film 77b and 
the aluminum film 77a are set to be a first conductive film 77. 
(0173 Thereafter, as shown in FIG. 10B, a fourth resist 
pattern 78 is formed on the first conductive film 77. Then, the 
first conductive film 77 is etched by using the fourth resist 
pattern 78 as a mask to form a third metal wiring 77.c in the 
chip region IC. 
0.174. In addition, first and second lower conductor pat 
terns 77d and 77e are formed in the peripheral region I, and 
the scribe region II by the etching, and a block conductive film 
77f, which is electrically isolated from the lower conductor 
patterns 77d and 77e, is formed in the peripheral region I. 
(0175. Thereafter, the fourth resist pattern 78 is removed. 
0176 FIG. 13 is an enlarged plan view showing a planar 
layout of the first and second lower conductor patterns 77d 
and 77e, and the block conductive film 77f. The respective 
cross-sections of the peripheral region I, and the scribe region 
II in the above-described FIG. 10B correspond to the cross 
sectional view taken along the G1-G1 line in FIG. 13. 
0177. As shown in FIG. 13, the first and second lower 
conductor patterns 77d and 77e respectively formed in the 
regions I, and II have planar shapes in the form of islands 
corresponding to each of an electrode pad and test pad to be 
formed later in these regions. 
(0178. On the other hand, the block conductive film 77fis 
formed in a ring shape like the seal ring SL formed thereun 
der. 
0179 Next, as shown in FIG. 10C, a silicon oxide film is 
formed, by the CVD method using the TEOS gas, with a 
thickness of approximately 100 nm on the entire upper Sur 
face of the silicon substrate 10. The resultant silicon oxide 
film is set to be a first passivation film 79. 
0180 Subsequently, as shown in FIG. 10D, a fifth resist 
pattern 81 is formed on the first passivation film 79. 
0181. After that, the first passivation film 79 is etched by 
using the fifth resist pattern 81 as a mask to form a slit 79a. 
0182. A portion closer to the scribe region II of the upper 
and side surfaces of the block conductive film 77fare exposed 
from the slit 79a. 
0183. Thereafter, the fifth resist pattern 81 is removed. 
0.184 Next, as shown in FIG.10E, a silicon oxynitride film 

is formed, by the CVD method, with a thickness of approxi 
mately 150 nm on the first passivation film 79. The resultant 
silicon oxynitride film is set to be a block insulating film 83. 
0185. The silicon oxynitride film forming the block insu 
lating film 83 has the excellent blocking capability against 
penetration of reducing materials, such as hydrogen and 
moisture. The films having Such a function include a silicon 
nitride film, an alumina film, and a titanium oxide film, in 
addition to the silicon oxynitride film, and any of these films 
may be used to form the block insulating film 83. 
0186. Subsequently, as shown in FIG. 10F, a sixth resist 
pattern 85 is formed on the block insulating film 83, and then 
the block insulating film 83 is selectively etched by using the 
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sixth resist pattern 85 as a mask. Thereby, the block insulating 
film 83 is left only on the upper and side surfaces of the block 
conductive film 77f closer to the scribe region II, and on the 
third interlayer insulating film 54 beside the side surface of 
the block conductive film 77f. 
0187. The block insulating film 83 left as described above 
forms a block film 84, together with the block conductive film 
77fformed thereunder. Thereby, the block insulating film 83 
functions to prevent reducing materials, such as moisture, 
from entering from a dicing Surface to be described later. 
0188 Thereafter, the sixth resist pattern 85 is removed. 
0189 FIG. 14 is an enlarged cross-sectional view showing 
a planar layout of the block film 84. The respective cross 
sections of the peripheral region I and the scribe region II in 
the above-described FIG. 10F correspond to the cross-sec 
tional view taken along the G2-G2 line in FIG. 14. 
0190. As shown in FIG. 14, the block film 84 has a planar 
shape in the form of a ring, Surrounding the chip region IC like 
the seal ring SL. 
(0191 Next, as shown in FIG. 10G, a silicon nitride film is 
formed, by the plasma CVD method, with a thickness of 
approximately 350 nm on the entire upper surface of the 
silicon substrate 10 as a second passivation film 86. 
0.192 Next, processes for obtaining a cross-sectional 
Structure shown in FIG. 10H will be described. 
0193 Firstly, the second passivation film 86 is coated with 
a photoresist. The coated photoresist is exposed and devel 
oped to form a seventh resist pattern 88 having first and 
second windows 88a and 88b in the peripheral region I, and 
the scribe region II, respectively. 
0194 Subsequently, by using the seventh resist pattern 88 
as a mask, the mixed gas of CHF, CF, and O is Supplied to 
a parallel plate plasma etching device (unillustrated) as an 
etching gas to dry-etch the first and second passivation films 
79 and 86. Thereby, third and fourth openings 86a and 86b are 
respectively formed in the first and second passivation films 
79 and 86 on the first and second lower conductor patterns 
77d and 77e. 
0.195. In addition, during the dry etching, the titanium 
nitride film 77b (see FIG. 1A) forming each of the lower 
conductor patterns 77d and 77e is also etched. Thereby, a 
clean surface of the aluminum 77a film is exposed. 
0196. Thereafter, the seventh resist pattern 88 is removed. 
0197) Next, as shown in FIG.10I, a metallaminated film is 
formed, by the Sputtering method, as a second conductive film 
90 on the second passivation film 86 and inside the first and 
second openings 86a and 86b. The metal laminated film is 
formed of for example, a copper-containing aluminum film 
with a thickness of approximately 500 nm and a titanium 
nitride film with a thickness of approximately 150 nm from 
the bottom thereof. 

0198 Subsequently, as shown in FIG. 10J, an eighth resist 
pattern 92 is formed on the second conductive film 90. 
0199 Then, an upper conductor pattern 90a is formed in 
the peripheral region I, and the scribe region II by selectively 
etching the second conductive film 90 using the eighth resist 
pattern 92 as a mask. The upper conductor pattern 90a is 
electrically connected to the first and second lower conductor 
patterns 77d and 77e. 
0200. The upper conductor pattern 90a forms an electrode 
conductor pattern 94, together with each of the first and 
second lower conductor patterns 77d and 77e formed there 
under. 
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0201 Then, the electrode conductor pattern 94 in the 
peripheral region I becomes an electrode pad 94a and the 
conductor pattern 90a in the scribe region II becomes a test 
pad 94b. 
0202 Thereafter, the eighth resist pattern is removed. 
0203 FIG. 15 is an enlarged plan view in a vicinity of the 
conductor pattern 90a after the process is finished. The 
respective cross-sections of the peripheral region IP and the 
scribe region II in the above-described FIG.10J correspond to 
the cross-sectional view taken along the G3-G3 line in FIG. 
15. 
0204 Next, processes for obtaining a cross-sectional 
structure shown in FIG. 10K will be described. 
0205 Firstly, a photosensitive polyimide is coated onto 
the second passivation film 86 and into each of the first and 
second openings 86a and 86b to form a polyimide coating 
film with a thickness of approximately 3 um. Subsequently, 
this polyimide coating film is exposed and developed. After 
that, the polyimide coating film is heated in a horizontal 
furnace with the nitrogen atmosphere to be cured. The con 
ditions for curing correspond to the Substrate temperature of 
310°C., the flow rate of nitrogen of 100 litters per minute, and 
the processing time of 40 minutes. 
0206. Thereby, as shown in FIG. 10K, a protection insu 
lating film 97 provided with a fifth opening 97a is formed 
above each of the electrode pad 94a and the test pad 94b. 
0207. With the processes described so far, the basic struc 
ture of the semiconductor wafer structure according to the 
present embodiment is completed. 
0208. In the semiconductor wafer structure, similar to the 
case shown in FIG. 9 of the first embodiment, a plurality of 
chip regions I are defined in the silicon substrate 10. 
0209 From here, the process is followed by a test process 
and a dicing process similar to the first embodiment. These 
processes will be described by referring to FIGS. 11 and 12. 
0210 Firstly, in the test process, as shown in FIG. 11, a 
probe 69 is brought into contact with the test pad 94b formed 
in the scribe region II so as to test at the wafer level if the 
circuit formed in the circuit region I normally operates. 
0211. Then, if standing the test at the wafer level, dicing is 
carried out along the scribe region II to obtain a plurality of 
semiconductor chips (semiconductor devices) 99 as shown in 
FIG. 12. 

0212. During the dicing, the test pad 94b formed in the 
scribe region II (see FIG. 11) is cut, and thus the cross-section 
94c of the electrode conductor pattern 94 is exposed to a 
dicing surface 100. In addition, the block insulating film 83 is 
also cut and the cross-section 83a thereof is exposed to the 
dicing surface 100. 
0213. As described above, the main processes of the 
present embodiment are finished. 
0214. According to the present embodiment, as shown in 
FIG. 11, the electrode conductor pattern 94 is provided with 
the electrode pad 94a and the test pad 94b, and the test pad 
94b is brought into contact with the probe 69 at the time of 
testing. Accordingly, similar to the first embodiment, the elec 
trode pad 94a does not receive mechanical damages by the 
probe 69, so that the electrode pad 94a does not receive 
damages at the time of testing. The result does not lead to 
formation of a moisture-penetration path extending from the 
circumference of the electrode pad 94a to the capacitor 
dielectric film 28a, as observed in the case where damages or 
the like are generated in the electrode pad 94a. As a result, the 
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capacitor dielectric film 28a can be prevented from deterio 
rating in the test at the wafer level. 
0215. Furthermore, similar to the first embodiment, the 
seal ring SL is formed with the height that reaches the upper 
surface of the third interlayer insulting film 54. Thereby, even 
after the dicing is carried out like FIG. 12, the lateral penetra 
tion path like the path C, through which reducing materials 
enter, can be cut off. 
0216. Moreover, a laminated film including the third 
capacitor protection film 52 is formed as the third interlayer 
insulating film 54. Accordingly, reducing materials from 
above can be effectively prevented from coming into contact 
with the capacitor dielectric film 28a through the path D. 
0217. The block conductive film 77f forming the block 
film 84 is electrically isolated from the first and second lower 
conductor patterns 77d and 77e. Accordingly, even when the 
test is carried out like FIG. 11, a test current supplied from the 
probe 69 does not flow through the seal ring SL, and a desired 
test current can be Supplied to the circuit in the circuit forming 
region I. 

(3) Comparative Example 

0218 FIG.16 is a cross-sectional view of a semiconductor 
wafer structure according to a comparative example. Note 
that, in FIG. 16, the same reference numerals are given to 
denote the same components as those of the first embodiment, 
and the description thereof will be omitted. 
0219. As shown in FIG. 16, in this comparative example, 
the height of a seal ring SL is lower than the upper surface of 
a third interlayer insulating film 54. 
0220 Accordingly, in the dicing process, when a semicon 
ductor wafer structure is subjected to dicing along the X-X 
line in the figure, reducing materials, such as moisture, come 
in contact with a capacitor dielectric film 28a by entering 
from the cross-section of the third interlayer insulating film 
54 exposed to a dicing Surface through a path E. As a result, 
the capacitor dielectric film 28a is reduced and deteriorated. 
0221. In contrast, in the above-described first and second 
embodiments, the seal ring SL is formed with the height that 
reaches the upper Surface of the third interlayer insulating 
film 54 being the uppermost interlayer insulating film. Thus, 
the penetration path E as shown in FIG. 16 is not generated, 
and the deterioration of the capacitor dielectric film 28a after 
dicing can be prevented. 
0222. The foregoing is considered as illustrative only of 
the principles of the present invention. Further, since numer 
ous modifications and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention to the 
exact construction and applications shown and described, and 
accordingly, all suitable modifications and equivalents may 
be regarded as falling within the scope of the invention in the 
appended claims and their equivalents. 
What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor Substrate having a circuit forming region 

and a peripheral region; 
a base insulating film formed over the semiconductor Sub 

Strate; 
a capacitor formed of a lower electrode, a capacitor dielec 

tric film made of a ferroelectric material, and an upper 
electrode in this order over the base insulating film in the 
circuit forming region; 

an uppermost interlayer insulating film formed over the 
capacitor, 
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a seal ring formed over the semiconductor Substrate in the 
peripheral region, the seal ring having a height that 
reaches at least an upper Surface of the interlayer insu 
lating film, and Surrounding the circuit forming region; 

a block film formed over the seal ring and the interlayer 
insulating film in the circumference of the seal ring; and 

an electrode conductor pattern which is formed over the 
interlayer insulating film in the peripheral region, the 
electrode conductor pattern having an electrode pad, and 
having a cross-section exposed to a dicing Surface. 

2. The semiconductor device according to claim 1, wherein 
the seal ring is formed by alternately laminating a fence 
shaped conductive plug and a ring-shaped conductor pattern, 
and the seal ring has the fence-shaped conductive plug in an 
uppermost layer. 

3. The semiconductor device according to claim 2, wherein 
the fence-shaped conductive plug contains tungsten and the 
ring-shaped conductor pattern contains aluminum. 

4. The semiconductor device according to claim 1, wherein 
the block film is in the form of a ring surrounding the chip 
region. 

5. The semiconductor device according to claim 1, wherein 
the block film is formed of a single-layer insulating film. 

6. The semiconductor device according to claim 5, wherein 
the block film is any one of a silicon nitride film, a silicon 
oxynitride film, an alumina film, and a titanium oxide film. 

7. The semiconductor device according to claim 5, wherein 
the electrode conductor pattern is also formed over the block 
film. 

8. The semiconductor device according to claim 5, wherein 
the electrode conductor pattern is formed of a metal lami 
nated film including an aluminum film. 

9. The semiconductor device according to claim 1, wherein 
the block film is formed by forming a block conductive film 
and a block insulating film in this order. 

10. The semiconductor device according to claim 9. 
wherein the block insulating film is also formed on a side 
surface of the block conductive film and on the interlayer 
insulating film beside the side surface, where the side surface 
being closer to the dicing Surface among side Surfaces of the 
block insulating film, and 

a cross-section of the block insulating film is exposed to the 
dicing Surface. 

11. The semiconductor device according to claim 9. 
wherein 

the block conductive film is formed of a metal laminated 
film including an aluminum film, and 

the block insulating film is any one of a silicon nitride film, 
a silicon oxynitride film, an alumina film, and a titanium 
oxide film. 

12. The semiconductor device according to claim 9, further 
compr1S1ng: 

a lower conductor pattern formed over the interlayer insu 
lating film; 

a passivation film formed over the interlayer insulating film 
and the block film, the passivation film having an open 
ing over the lower conductor pattern; and 

an upper conductor pattern formed over the passivation 
film and over the lower conductor pattern in the opening, 

wherein the electrode conductor pattern is formed of the 
lower conductor pattern and the upper conductor pat 
tern. 
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13. The semiconductor device according to claim 12, 
wherein each of the lower conductor pattern and the upper 
conductor pattern is formed of a metal laminated film includ 
ing an aluminum film. 

14. The semiconductor device according to claim 1, 
wherein the interlayer insulating film is formed of a laminated 
film including a capacitor protection insulating film. 

15. The semiconductor device according to claim 14, 
wherein the capacitor protection insulating film is one of an 
alumina film and a titanium oxide film. 

16. A semiconductor wafer structure comprising: 
a semiconductor Substrate having a chip region and a scribe 

region; 
a base insulating film formed over the semiconductor Sub 

Strate; 
a capacitor formed of a lower electrode, a capacitor dielec 

tric film made of a ferroelectric material, and an upper 
electrode in this order over the base insulating film in a 
circuit forming region of the chip region; 

an uppermost interlayer insulating film formed over the 
capacitor, 

a seal ring formed over the semiconductor Substrate in a 
peripheral region of the chip region, the seal ring having 
a height that reaches at least an upper Surface of the 
interlayer insulating film, and Surrounding the circuit 
forming region; 

a block film formed over the seal ring and over the inter 
layer insulating film in the circumference of the seal 
ring; and 

an electrode conductor pattern formed over the interlayer 
insulating film and the block film, the electrode conduc 
tor pattern extending from the peripheral region to the 
scribe region, and having an electrode pad in the periph 
eral region and a test pad in the scribe region. 
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17. The semiconductor wafer structure according to claim 
16, wherein the seal ring is formed by alternately laminating 
a fence-shaped conductive plug and a ring-shaped conductor 
patternand has the fence-shaped conductive plugin an upper 
most layer. 

18. The semiconductor wafer structure according to claim 
16, wherein the block film is a single-layer insulating film 
formed of any one of a silicon nitride film, a silicon oxynitride 
film, an alumina film, and a titanium oxide film. 

19. The semiconductor wafer structure according to claim 
16, wherein the block film is formed by forming a block 
conductive film and a block insulating film in this order. 

20. A method for manufacturing a semiconductor wafer 
structure, comprising: 

forming a base insulating film over a semiconductor Sub 
strate having a chip region and a scribe region; 

forming a capacitor by stacking a lower electrode, a capaci 
tor dielectric film made of a ferroelectric material, and 
an upper electrode in this order over the base insulating 
film in a circuit forming region of the chip region; 

forming an uppermost interlayer insulating film over the 
capacitor; 

forming, over the semiconductor Substrate in a peripheral 
region of the chip region, a seal ring which has a height 
that reaches at least an upper Surface of the interlayer 
insulating film and Surrounds the circuit forming region; 

forming a block film over the seal ring and over the inter 
layer insulating film in the circumference the seal ring; 
and 

forming, over the interlayer insulating film and the block 
film, an electrode conductor pattern that extends from 
the peripheral region to the scribe region, the electrode 
conductor pattern having an electrode pad in the periph 
eral region and a test pad in the scribe region. 
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